During the medium and short term transmission network planning process, the planning department of power grid will get a large number of planning projects to be selected. These projects have passed the feasibility study. However, it is necessary to select some projects in case of the limited investment funds. At present, the selection of the projects basically relies on expert experience in practical engineering. However, with the increasing number of the projects to be selected, it is more and more difficult to select the projects scientifically and reasonably only relying on expert experience. To date, the existing research methods are not enough to cope with the optimization of the planning projects. In view of the existing problems, this paper puts forward two concepts, Reliability Benefit Coefficient and Project Urgency, to measure the Reliability Benefit of the projects. Combine Reliability Benefit with Economic Benefit as the Comprehensive Benefit, based on which a new combinatorial optimization model of transmission network planning projects is established. It provides a scientific and reasonable method for the combinatorial optimization of the transmission network planning projects. The validity of the method is verified in a case finally.
INTRODUCTION
With the rapid growth of the economy, the demand for electricity is increasing rapidly, and higher load supplying capability is put forward. In the new situation of economic development, it will bring more uncertainty to the operation and development of power system by the economic restructuring, the reform of transmission and distribution price mechanism, the reform of the demand-side and the access of a large number of new energy sources. Facing the increasingly severe development situation, transmission network planning ___________________________ is becoming increasingly important. As the undertaker of transmission network planning, the planning department of the power grid will get a large number of planning projects to be selected. Due to the limited investment funds, a scientific and reasonable method for the combinatorial optimization of the transmission network planning projects is urgently needed to meet the power supply demand.
At present, the selection of the projects basically relies on expert experience in practical engineering. Most of the existing research methods consider Economic Benefit only, which leads to the one-sidedness of optimization results. A few literatures consider the Reliability Benefit, but there are some defects. Literature1aims to maximize the Net Present Value (NPV) of the project portfolio. Considering the investment fund, manpower and material resources constraints, the combinatorial optimization model of transmission network planning projects is established. This model only considers the Economic Benefit and ignores the others. It will lead to the one-sidedness of the optimization results. Literature2 proposes a two-stage optimization method of transmission network planning projects. The first stage is based on the urgency of the projects to form some preliminary schemes. The objective is too single and the number of the preliminary schemes is limited, so the final result may be not the global optimal solution. Literature 3 takes the capacity demand of the grid as a constraint, but the optimization objective is only the Economic Benefit, too. Literature consider both Economic Benefit and Reliability Benefit, but its way to deal with the Reliability Benefit ignores the urgency differences between the projects, which will also lead to the one-sidedness of optimization results.
In view of the facing problem, this paper proposes a combinatorial optimization model of transmission network planning projects considering Comprehensive Benefit. Two new concepts, Reliability Benefit Coefficient and Project Urgency, are put up to measure the Reliability Benefit of the projects. Combine it with the Economic Benefit as the optimization objective. This method overcomes the one-sidedness of optimization results caused by the single objective optimization. It provides the power grid with a scientific and reasonable method for the combinatorial optimization of the transmission network planning projects.
COMBINATORIAL OPTIMIZATION MODEL OF TRANSMISSION NETWORK PLANNING PROJECTS
Transmission network planning projects include substation and transmission line projects. All projects have passed the feasibility study, including the analysis on the necessity, power flow calculation, stability calculation, technical economy and so on. On this basis, carry out the combinatorial optimization of the projects. The process of the combinatorial optimization of the transmission network planning projects can be expressed as follow: Under the limited investment funds and other constraints, the decision makers select an optimal portfolio from all alternative projects to maximize the objective. In this paper, the objective is the Comprehensive Benefit that defined as the combination of Reliability Benefit and Economic Benefit. The Economic Benefit is measured by NPV as common used, and the Reliability Benefit refers to the power supply capability and transmission capacity of the power transmission network, measured by the concepts of Reliability Benefit Coefficient and Project Urgency proposed in this paper.
Reliability Benefit Coefficient and Project Urgency
Reliability Benefit Coefficient refers to the Reliability Benefit of the power system increased by unit capacity of the project. The construction of the project will increase the transmission capacity or power supply capacity and enhance the safety and reliability of the system. Therefore, the Reliability Benefit can be reflected by the power supply capacity or the transmission capacity of the planning project, and the Reliability Benefit Coefficient is used to transform the capacity into the Reliability Benefit.
Project Urgency refers to the urgency of the project. It reflects the importance of the project to the safety and reliability of the system. Numerically, the greater the Project Urgency is, the more critical the project will be to the system. The calculation methods of the Project Urgency are different between transmission line project and substation project as shown in formula (1) . i U is the Project Urgency of project i .
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∆ is the transmission capacity shortage in the related area of project i in the planning year. 0i S is the transmission capacity in the related area of project i in the planning datum year. , =220 ,500
Combinatorial Optimization Model
And thus, the combinatorial optimization model of transmission network planning projects considering Comprehensive Benefit is established as shown in formula(2)~(8).
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The illustration of the model is shown as follow: (1) The objective function is the Comprehensive Benefit as shown in formula(2).
is the Reliability Benefit and [ ]
is the Economic Benefit. 1 λ and 2 λ are the weights of the Reliability Benefit and the Economic Benefit respectively. n is the number of the planning projects to be selected. i x is the decision variable of project i . Benefits of some projects may be relatively low after they are put into operation, but considering the whole network structure, the operation of these projects might play a vital role in the safety and reliability of the power grid. That kind of projects belong to the compulsory projects. To deal with that kind of projects, the compulsory construction of these projects can be ensured by increasing the constraint
F is the set of compulsory projects.
(4) Formula (5) refers to the constraint of the mutually exclusive projects. It indicates that the two projects cannot be selected together. M is the set of mutually exclusive projects.
(5) Formula (6) refers to the constraint of the subordination projects. It indicates that project j can only be selected when project i is selected. S is the set of subordination projects.
(6) Formula (7) refers to the constraint of the simultaneous projects. It indicates that two projects must be selected at the same time or not at the same time.
(7) Formula (8) refers to the constraint of the Capacity-Load Ratio7. Capacity-Load Ratio is an important indicator of the power supply capability of the system. To ensure the power supply capacity of the power grid and each region, the Capacity-Load Ratio in planning year should be within the reasonable range specified in literature7. jk TS is the set of substation projects to be selected of j region at k voltage level.
CASE STUDY
According to the State Grid development planning, a provincial power gridcorp carried out load forecasting and generation expansion planning through data collection and analysis. On the basis of this, the research for transmission network planning is carried out, and a lot of transmission network planning projects to be selected is obtained. Through the feasibility study by the design department, the construction necessity, power flow calculation, stability calculation and technical economy of the project are analyzed in detail, and the NPV and the Project Urgency of each project are obtained. The basic data of the provincial power grid and the information of the planning projects are shown in Table I and Table II respectively. The maximum investment fund is 1600 million yuan. The Reliability Benefit and Economic Benefit weights are 0.7 and 0.3 respectively. The Reliability Benefit Coefficient is 5 according to the engineering experience. At the voltage level of 220kV, the Capacity-Load Ratio of the provincial network, region A and B should be within the reasonable range of [1.6,1.9]7 respectively. At the voltage level of 500kV, the Capacity-Load Ratio of the provincial network should be within the reasonable range of [1.4,1.6]7. Solve the optimization model by the Intlinprog Function in Matlab. The results are shown in Table III. We can conclude from the results: (1) Although the capacity and NPV of project 1 is the greatest among the 3 substations of region A at 220kV, the Project Urgency of project 3 is the greatest. On condition that the Capacity-Load Ratio of the region is satisfied, to invest project 3 is a reasonable strategy. The calculation result is just as expected. (2) For the 3 substations of region B at 220kV, project 4 is the compulsory project. In order to meet the constraint of Capacity-Load Ratio, select project 6 to invest, whose Project Urgency is much greater. (3) Others can be analyzed by the same way. On the whole, under the constraints of the investment fund and others, the selected projects are relatively urgent. The optimization results conform to the normal law of project investment.
Change the maximum investment fund or the weights of the Reliability Benefit and the Economic Benefit. The calculation results are shown in Table IV . We can conclude from the results that: (1) when the maximum investment fund is reduced to 1400 million yuan, the model has no solution. The total investment cannot meet the power supply requirement in the planning year because of the lower bound of the Capacity-Load Ratio. When the maximum investment fund increases, the number of the selected projects is also increasing. But when the maximum investment fund increases to a certain extent, the number of selected projects will no longer increase because of the upper bound of the Capacity-Load Ratio. (2) At the maximum investment fund of 1.6 billion yuan, change the weights of Reliability Benefit and Economic Benefitto 0.2 and 0.8 respectively. Project 5 and project 9 with lower Project Urgency will be selected in that case, which matches the calculation condition of lower weight of Reliability Benefit. The same results can be obtained under the condition of other maximum investment fund. Thus, the validity of the proposed model is verified. The Capacity-Load Ratio of the provincial network at 500kV in planning year 1.4442
The Capacity-Load Ratio of region A at 220kV in planning year 1.6378
The Capacity-Load Ratio of region B at 220kV in planning year 1.6548 
CONCLUSION
In view of the huge number of planning projects to be selected and the limited investment fund of Power Grid Corp planning department, this paper puts forward a combinatorial optimization model of transmission network planning projects considering Comprehensive Benefit. Two new concepts, the Reliability Benefit Coefficient and the Project Urgency, are put up to transform the capacity of the projects into Reliability Benefit. Then add the Reliability Benefit with the Economic Benefits measured by NPV as the Comprehensive Benefit, which is the optimization objective function. It solves the problem of single optimization objective. The optimization results got by this method can meet the requirement of reliability of transmission network in the new situation of electric power development. Finally, an example is given to illustrate the validity and applicability of the proposed method.
Furthermore, this paper does not consider the constraints of the construction resource of projects. If this constraint is taken into consideration, the allocation of construction resources should be determined, which is the next research direction.
